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57 ABSTRACT 

An exposure control method and apparatus for a camera 
having a two-area divided brightness measurement System. 
A central light value is determined based on a central area 
brightness of a photographic Scene, and a peripheral light 
value is determined based on a peripheral area brightness of 
the Scene. After determining by comparison between the 
central and peripheral light values whether the Scene is 
back-lighted or front-lighted, a correction coefficient spe 
cific to back-lighted Scenes or that specific to front-lighted 
Scenes is read from a memory. An exposure value Suitable 
for a main Subject is calculated according to the following 
equation: 

wherein ES represents the exposure value and C. represents 
the correction coefficient. 

6 Claims, 26 Drawing Sheets 
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FIG 6 A 
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FIG 6 B 
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FIG 10 A 
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FIG 10 B 
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METHOD AND APPARATUS FOR 
CONTROLLING EXPOSURE OF CAMERA 

This is a division of application Ser. No. 08/487,846, 
filed Jun. 7, 1995, now U.S. Pat. No. 5,678,098. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 

The present invention relates to an exposure control 
method for a camera and an apparatus for the method. 

2. Background Art 
In case of an ordinary negative film, even if a picture 

frame is not exactly taken at a proper exposure value, it is 
possible to correct the image by controlling print-exposure 
So as to make a reasonable print. However, in an instant 
camera using a Self-developing film, it is impossible to 
correct exposure afterward. Therefore, it is very important 
for instant photography to expose the film at a proper value. 

In View of this, an exposure control method, called 
mix-exposure method, is Suggested, for example, in U.S. 
Pat. No. 4,530,585 and JPB 5-14256, wherein an amount of 
flash light is always automatically projected even to a bright 
Subject. In this method, a program Shutter is controlled to 
obtain 80% of a necessary exposure amount from ambient 
light, while the flash light is added to make up for the 
remaining 20% of the proper exposure value, on the assump 
tion that a proper exposure value (EV) is determined in 
correspondence with a light value (LV). According to the 
known method, even though the exposure value is calculated 
based on an average brightness, which is more or leSS 
affected by a background or Subsidiary Subjects, a Satisfac 
tory exposure of the main Subject may be achieved in most 
cases, because the brightness of the main Subject, mostly the 
nearest Subject, is Supplemented with the flash light. 

Recently, Such cameras have been known that divides a 
photographic Scene into Several areas when measuring Sub 
ject brightness. An exposure value is calculated based on 
respective brightness values of these areas after weighting 
each value with an appropriate coefficient. At that time, it is 
determined from the divisional brightness values, whether 
the Scene is front-lighted or back-lighted. If the Scene is 
back-lighted, an optimum exposure value can be preferably 
determined based mainly on brightness values of those areas 
which correspond to a main Subject. In a day-light Synchro 
nized photography, it is possible to obtain an almost Satis 
factory exposure with respect to both main Subject and 
Subsidiary Subject by controlling Shutter Speed and aperture 
value based on a background brightness and illuminating a 
main Subject with a Supplementary flash light. 

However, to determine an optimum exposure value in the 
divided brightness measurement with more accuracy, it is 
necessary to increase the number of divisional areas and 
weight the respective brightness values by using a complex 
calculation in accordance with the brightness distribution 
pattern. Even Such complex and expensive method is not 
always able to provide an optimum exposure of the main 
Subject, because of wide variety of actual photographic 
SCCCS. 

Also in the known mix-exposure method, Since the mix 
rate of flash light to ambient light is determined based on an 
exposure value derived from an average brightness value of 
the whole area of the photographic Scene, consequent photo 
prints may contain under-exposed main Subjects especially 
when the main Subject is back-lighted or distant. 

To achieve a reasonable exposure for any Scene with 
Simpler and economic method, a camera has been known 
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2 
which adopts a photometric device having a central bright 
neSS measuring element and a peripheral brightness mea 
Suring element for measuring a central brightness from a 
central area of the Scene and a peripheral brightness from a 
peripheral area. Because the main Subject Such as a human 
Subject is very often located in the center area of the Scene, 
the two-area divided brightness measuring method facili 
tates discrimination between front-lighted and back-lighted 
Scenes, and permits controlling exposure mainly in accor 
dance with the central brightness value. 

However, Since the central brightness value has a large 
effect on the exposure control especially for back-lighted 
Scenes in this method, it is important to design the central 
brightness measuring element So as to pickup light from the 
main Subject at a high probability. If the central brightness 
measuring element is too small, it tends to miss the main 
Subject. If the central brightness measuring element is too 
large, it tends to cover beyond the main Subject to a larger 
extent. In either case, an optimum exposure value could not 
be derived from the central brightness value. 

OBJECT OF THE INVENTION 

In View of the foregoing, an object of the present inven 
tion is to provide an exposure control apparatus using the 
two-area divided brightness measurement which is able to 
determine an optimum exposure value for a main Subject at 
a high probability. 
Another object of the present invention is to provide an 

exposure control method by which an optimum exposure 
value for a main subject can be determined for both front 
lighted and back-lighted Scenes without the need for com 
plicated processing. 
A further object of the present invention is to provide an 

exposure control apparatus which achieves an accurate 
exposure control even when the Speed of Shutter blades 
unexpectedly changes. 

SUMMARY OF THE INVENTION 

To achieve the above objects in a method using a central 
photometric element for detecting a central light value from 
a central area of a photographic Scene and a peripheral 
photometric element for detecting a peripheral light value 
from a peripheral area of the Scene, the present invention 
Suggests calculating an exposure value for controlling expo 
Sure amount according to the following equation: 

wherein Es represents the exposure value, LVa and LVb 
respectively represent the central and peripheral light 
values, and C. represents a correction coefficient which 
is determined depending on whether the Scene is back 
lighted or front-lighted. The central photometric ele 
ment preferably has a trapezoid shape. 

In a mix-exposure method according to a preferred 
embodiment of the invention, a central exposure value is 
calculated from the central and peripheral light values using 
a specific equation and a first Specific correction coefficient, 
and a peripheral exposure value is calculated from the 
central and peripheral light values using a Second specific 
equation and a Second correction coefficient. 
The values of the first and second correction coefficients 

are determined depending on whether the Scene is back 
lighted or front-lighted, more preferably, depending also on 
Subject distance. Thereafter, an exposure value effective for 
controlling a program Shutter is determined based on the 
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peripheral exposure value and a bias value added to the 
peripheral exposure value for biasing the effective exposure 
value toward under-exposure Side. On the other hand, per 
centage or mix rate of flash light is determined based on a 
difference between the effective exposure value and the 
central exposure value when the Scene is back-lighted. For 
front-lighted Scenes, mix rate of flash light is determined 
based on a difference between the effective exposure value 
and the peripheral exposure value. 

According to another preferred embodiment, one of shut 
ter blades of the program shutter is provided with Signal 
elements for monitoring rotational position of the Shutter 
blade and/or moving Speed of the Shutter blade. By Starting 
clocking when the number of pulses detected from the Signal 
elements reaches a Set value determined in accordance with 
a proper exposure value, and outputting a shutter close 
Signal when a time period, which is also determined in 
accordance with the proper exposure value, has been 
clocked, the effect of change in Shutter blade moving Speed 
on the exposure amount is minimized. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Other objects and advantages of the present invention will 
become apparent in the following detailed description of the 
preferred embodiments when read in connection with the 
accompanying drawings, wherein like reference numerals 
designates like or corresponding parts throughout the Several 
Views, and wherein: 

FIG. 1 is a perspective view of a compact camera having 
an exposure control device according to a preferred embodi 
ment of the present invention; 

FIG. 2 is a functional block diagram of the exposure 
control device adopted in the camera shown in FIG. 1; 

FIG. 3 is an explanatory view of a divisional photo-sensor 
of the exposure control device according to the embodiment; 

FIGS. 4A and 4B are explanatory views of images formed 
on the divisional photo-Sensor at different Subject distances 
from each other; 

FIG. 5 is a flow chart illustrating the operation of the 
exposure control device shown in FIG. 2; 

FIG. 6A is a table showing light values detected from a 
Scene with respect to Several Subject distances, 

FIG. 6B is a graph corresponding to the table shown in 
FIG. 6A; 

FIG. 6C is a table showing optimum correction coeffi 
cients for the respective Subject distances in relation to FIG. 
6A, 

FIG. 7 is an instant camera using an exposure control 
device according to a Second preferred embodiment of the 
present invention; 

FIG. 8 is a block diagram of the exposure control device 
of the second embodiment; 

FIG. 9 is a flow chart illustrating the operation of the 
exposure control device shown in FIG.8; 

FIGS. 10A and 10B show a flow chart of a Subroutine for 
determining an effective exposure value and a mix rate, 
included in the main routine shown in FIG. 9; 

FIG. 11 is a flow chart of a subroutine for determining a 
flash Start time and a light control level, included in the main 
routine shown in FIG. 9; 

FIG. 12 is a table showing examples of data detected by 
the exposure control device of the Second embodiment; 

FIG. 13 is a functional block diagram of an exposure 
control device according to a third preferred embodiment of 
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4 
the present invention, wherein exposure time is controlled to 
achieve a proper exposure amount in Spite of a variation in 
Shutter blade moving Speed; 

FIG. 14 is an explanatory view of a conversion table used 
in the third embodiment for converting an exposure value 
into a pulse number; 

FIG. 15 is an explanatory view of a conversion table used 
in the third embodiment for converting an exposure value 
into a time period; 

FIG. 16 is a flow chart illustrating the operation of the 
exposure control device of the third embodiment shown in 
FIG. 13; 

FIG. 17 shows timing charts illustrating exposure time 
control according to the third embodiment; 

FIG. 18 shows timing charts illustrating exposure time 
control for long time exposure according to the third 
embodiment; 

FIG. 19 is a functional block diagram of an exposure 
control device according to a fourth embodiment of the 
present invention, wherein drive current for Shutter blades is 
adjusted to variations in Shutter blade moving Speed; 

FIG. 20 shows timing charts illustrating drive current 
control according to the fourth embodiment, executed in an 
earlier Stage of Shutter opening movement; 

FIG. 21 shows timing charts illustrating drive current 
control according to the fourth embodiment, executed in a 
latter Stage of the Shutter opening movement; 

FIG. 22 Shows timing charts illustrating a progress of 
aperture size in connection with the drive current; 

FIG. 23 is a graph illustrating flash light intensity char 
acteristics relating to time; 
FIG.24 is a perspective view of a close-up adaptor, which 

is attachable to an instant camera, according to another 
preferred embodiment of the invention; 

FIG. 25 is an explanatory view illustrating the operation 
of the close-up adaptor shown in FIG. 24; and 

FIG. 26 is a graph illustrating a conventional exposure 
time control method. 

DETAILED DESCRIPTION OF THE 
PREFERRED EMBODIMENTS 

FIG. 1 shows an example of camera having an exposure 
control device according to an embodiment of the present 
invention. The camera 10 is provided with a taking lens 11, 
a flash window 12, light projecting and receiving windows 
13 and 14 for Subject distance measurement, a light mea 
Suring window 15 for Subject brightness measurement, and 
a finder objective window 16 which are disposed in a front 
side of the camera 10. The camera 10 also has a main power 
Switch 17 and a shutter button 18 disposed on a top side 
thereof, and a finder eyepiece window 19 disposed on a rear 
side thereof. The main power Switch 17 is turned on to 
Supply power to respective circuits, So that the camera 10 
gets ready for photography. Thereafter, when the Shutter 
button 18 is depressed halfway while framing a subject 
through the finder windows 19 and 12, the distance and the 
brightness of the Subject are automatically measured. When 
the shutter button 18 is further depressed to the full, a 
photographic filmstrip 21 is exposed through the taking lens 
11. 

AS Shown in FIG. 2, a program Shutter, e.g., an iris 
diaphragm type program Shutter, 22 is disposed behind the 
taking lens 11. The program Shutter 22 regulates the amount 
of exposure of the photographic filmstrip 21 under the 
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control of the exposure control device 20. The exposure 
control device 20 is constituted of a distance measuring 
Section 24, a brightness measuring Section 25, an operation 
circuit 26, and an exposure controller 27. The exposure 
control device 20 adjusts the amount and the time of opening 
of the program shutter 22 through a shutter driver 28. 

The distance measuring Section 24 is an active-type range 
finder constituted of a light projector 31, a light receiver 32 
and a distance detection circuit 33. The light projector 31 is 
disposed behind the light projecting window 13 to project 
infrared Spotlight toward a main Subject 34 Such as a human 
subject. The light receiver 32 is disposed behind the light 
receiving window 14 to receive light reflected from the main 
Subject 34, and output a signal whose level corresponds to 
the light amount received thereon. The distance detection 
circuit 33 outputs a distance Signal in correspondence with 
the signal level from the light receiver 32. 

The light measuring section 25 is constituted of a lens 35 
and a divisional photo-sensor 36 which are disposed behind 
the light measuring window 15. The lens 35 is designed to 
form an image of a photographic field viewed through the 
viewfinder on the divisional photosensor 36. The photo 
Sensor 36 is constituted of a central Segment 36a and a 
peripheral segment 36b, as is shown in FIG. 3. The central 
Segment 36a is disposed in and around the center of the 
photo-Sensor 36, and has a trapezoid shape which is, for 
example, 0.2 mm in top side S1, 0.5 mm in bottom side S2 
and 0.4 mm in height H2 while the photosensitive surface of 
the photo-sensor 36 is 1.9 mm in height H1 and 2.5 mm in 
width W1. This construction increases the probability of 
aiming the central Segment 36a at the main Subject 34. AS 
shown in FIGS. 4A and 4B, an image 37 of a scene formed 
through the lens 35 on the divisional photo-sensor 36 is 
divided into a central photometric area 37a and a peripheral 
photometric area 37b in correspondence with the central 
Segment 36a and the peripheral Segment 36b of the photo 
Sensor 36, So that a light measurement Signal is detected 
from each of the two photometric areas 37a and 37b, and is 
outputted individually from each of the two segments 36a 
and 36b. 

The operation circuit 26 is constituted of a controller 40, 
an exposure calculator 41 and an EEPROM 42. The con 
troller 40 converts the light measurement signals from the 
photo-Sensor 36 into a central brightness or luminance value 
and a peripheral brightness or luminance value, and derives 
a central light value and a peripheral light value with respect 
to a given film Speed, respectively from the central and 
peripheral brightness values. Depending upon the light 
values and a predetermined offset value Ö, the controller 40 
makes an judgment as to whether the Scene to be photo 
graphed is front-lighted or back-lighted. The offset value Ö 
is read from the EEPROM 42. Then, the exposure calculator 
41 calculates an exposure value ES Suitable for the main 
subject 34 on the basis of the central and peripheral light 
values from the controller 40 according to the following 
equation: 

wherein LVa represents a central light value, LVb represents 
a peripheral light value, and a represents a correction coef 
ficient determined depending upon whether the Scene is 
front-lighted or back-lighted in a manner as Set forth below. 

In most cases, regardless of the shape and the size of the 
central Segment 36a of the divisional photo-Sensor 36, part 
of the background is merged with part of the main Subject in 
the central photometric area 37a, for example, as shown in 
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6 
FIGS. 4A and 4.B. Accordingly, the relationship between a 
light value LVa of a central photometric area, a light value 
LVb of a peripheral photometric area, a light value LVc of 
a main Subject, and a light value LVd of a background can 
be generally shown by the following equation: 

2f-vi-xc2lve-(1-xo)2lvd (2) 

wherein XO, represents an occupation rate or share of the 
main Subject in the central photometric area. 

However, Since the share of the primary Subject in the 
peripheral photometric area is mostly very Small, the periph 
eral light value LVb may be held Substantially equal to the 
background light value LVd. Then, the following equation 
should hold: 

21.V-xoplve-(1-xo)2tv (3) 

The equation (3) may be rewritten as follows: 

2'-2'-(1-xo.) 2tv/xo, (4) 

Therefore, the light value LVc of the main subject can be 
obtained by the following equation: 

LVc (5) 

Since the main Subject light value LVc corresponds to an 
optimum exposure value for the main Subject, it is preferable 
to use the equation (5) for calculating an exposure value Es. 
Therefore, by Substituting the main subject light value LVc 
and the correction coefficient C. for the exposure value ES 
and the occupation rate XC. of the equation (5), respectively, 
the equation (1) is formed. 

Accordingly, the correction coefficient C. Should prefer 
ably be set as equal to an actual occupation rate of the main 
subject 34 in the central photometric area 37a as possible, 
and hence should be variable depending upon the shape and 
Size of the central photometric area. According to a preferred 
embodiment of the invention, a correction coefficient C.1 for 
front-lighted Scenes, e.g. 1, and a correction coefficient C2 
for back-lighted scenes, e.g. 0.96, are stored in the EEPROM 
42. The values of the correction coefficients C1 and C2 are 
predetermined by calculating an average occupation rate of 
various main Subjects in the central photometric area 37a 
with respect to thousands of Scenes, So as to obtain a 
moderately exposed main Subject in any kind of photograph. 
The exposure controller 27 determines an aperture Size 

and an exposure time as a magnitude and a time duration of 
opening of the program Shutter 22 on the basis of the 
exposure value ES calculated by the exposure calculator 41 
and a Subject distance K represented by the distance Signal 
from the distance measuring Section 24, and drives the 
program shutter 22 correspondingly through the Shutter 
driver 28. 

FIG. 5 shows the sequence of operation of the above 
described exposure control device 20. Upon half depression 
of the shutter button 18, the distance measuring section 24 
measures the Subject distance K, and Simultaneously, the 
light measuring Section 25 outputS light measurement Sig 
nals to the controller 40, which are detected separately from 
the central photometric area 37a and the peripheral photo 
metric area 37b of the image 37. 

In the operation circuit 26, the controller 40 determines a 
central light value LVa and a peripheral light value LVb on 
the basis of the light measurement Signals for the photomet 
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ric areas 37a and 37b. Thereafter, the controller 40 judges 
whether the Scene is front-lighted or back-lighted by com 
paring the peripheral light value LVb with a value formed by 
adding the offset value Ö to the central light value LVa. That 
is, when the value LVa+ö is less than the peripheral light 
value LVb, the scene is judged to be front-lighted. Then, the 
controller 40 reads the correction coefficient C.1 from the 
EEPROM 42. When the value LVa+8 is not less than the 
peripheral light value LVb, the Scene is judged to be back 
lighted, and the controller 40 reads the correction coefficient 
C2 from the EEPROM 42. According to the present 
embodiment, the offset value Ö is an appropriate value not 
more than 3.0, and is stored in the EEPROM 42. 

Thereafter, the controller 40 activates the exposure cal 
culator 41 to calculate an exposure value ES from the central 
and peripheral light values LVa and LVb and the selected 
correction coefficient C.1 or C2 using the equation (1). The 
calculated exposure value ES is Sent to the exposure con 
troller 27. 

The exposure controller 27 determines a magnitude and a 
time of opening of the program Shutter 22 So as to expose the 
photographic filmstrip 21 in correspondence with the expo 
Sure value Es. When the shutter button 18 is further 
depressed to the full, the shutter driver 28 drives the program 
shutter 22 to open for the determined time in the determined 
magnitude. When the program Shutter 22 is driven in order, 
a latent image is recorded on the photographic filmstrip 21 
containing a properly exposed main Subject image. 

Although the above-described embodiment assigns a pre 
determined value as the correction coefficient C1 or C2 for 
the front-light or the back-light photography, respectively, it 
is more preferable to make the correction coefficient C. 
variable depending upon the Subject distance K. This is 
because the size of the same main Subject 34 contained in the 
image 37 and hence the occupation rate of the same main 
Subject 34 decreases with increase of the Subject distance K, 
for example, as shown in FIGS. 4A and 4B. 

FIG. 6A is a table showing the results of an experiment 
wherein light values LVa and LVb were measured in the 
central and the peripheral photometric areas 37a and 37b 
while changing the Subject distance K with respect to a 
back-lighted subject. Also, light values LVc and LVd of the 
main Subject and the background, which were measured by 
using an exposure meter, are shown as comparative values. 
FIG. 6B is a graph illustrating the relationship between the 
light values LVa, LVb, LVc and LVd shown in FIG. 6A. 
As shown in the graph of FIG. 6B, the main subject light 

value LVc has an approximately constant value indepen 
dently of the subject distance K. On the other hand, the 
central light value LVa takes higher values than the value 
LVc in the whole distance range, and increases with the 
Subject distance K. 

In order to modify the value LVa to approach to the actual 
Subject light LVc, the following equation (6), which is 
obtained from the equation (2), may be used to determine the 
correction coefficient: 

o-colva-2 va)/(2) Vic-2lvd) (6) 
FIG. 6C shows the values of the correction coefficient C. 

calculated according to the equation (6) for those Subject 
distance values K Sampled in FIG. 6A, using corresponding 
central light values LVa shown in FIG. 6A. As for the main 
subject light value LVc and the background light value LVd, 
the values measured at the Subject distance K=0.7 m are 
used for calculation. Since the values of correction coeffi 
cient a shown in FIG. 6C are obtained based on the mea 
Surement values for a back-lighted Subject, these values are 
effective for back-light photography. 
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By previously memorizing table data representative of the 

relationship between the Subject distance K and the correc 
tion coefficient C. in the EEPROM 42, the exposure value Es 
Suitable for the main Subject 34 may be calculated according 
to the equation (1) while Selecting an appropriate value of 
the correction coefficient C. with reference to the table data. 
Since the relationship between the Subject distance K and 
the correction coefficient C. Varies depending upon the 
camera type, the shape and the Size of its photometric area, 
it is preferable to determine appropriate table data on the 
basis of a large number of actual light measurement data 
under various photographic conditions. 

FIG. 7 shows an instant camera 50 having an exposure 
control device according to another preferred embodiment 
of the invention, which projects a variable amount of flash 
light on every exposure. The instant camera has a main body 
52 to which a lens board 53 is mounted movable between an 
operational position as shown in FIG. 7 and a rest position 
substantially aligned with a front wall of the main body 52. 
Bellows 54 are provided to cover an under side of the lens 
board 53. The main body 52 has a flash window 12, a finder 
objective window 16, a shutter button 57, and light project 
ing and receiving windowS 13 and 14 for an active range 
finding mounted thereon. An ejection slot 56 is formed 
through a top side of the main body 52 to eject a sheet of 
photographic film after exposure while developing it in a 
conventional manner. 
A taking lens 11, a light measuring window 15, a flash 

light receiving window 58, and a density control knob 59 are 
disposed on a front end portion of the lens board 53. The 
taking lens 11 is automatically moved by a motor or the like 
to Set in a position corresponding to a Subject distance signal 
detected from the range finding device. Ashutter mechanism 
61, including an iris diaphragm type program Shutter as 
shown in FIG. 2, is disposed behind the taking lens 11. 

Light entering through the light measuring window 15 is 
focused on a divisional photo-Sensor 36 having a trapezoid 
central Segment 36a and a peripheral Segment 36b in the 
Same way as shown in FIG. 3, to form an image of a Scene 
to be photographed, correspondingly to a picture frame. 
As shown in FIG. 8, a photoelectric element 58a is 

disposed behind the flash light receiving window 58 to 
detect light projected from a flash discharge tube 63 and 
reflected from a subject. The photoelectric element 58a is 
connected to a flash light controller 64 so that the flash light 
controller 64 outputs a flash stop signal to a flash circuit 65 
to stop the flash discharge tube 63 from emitting when the 
integral value of flash light amount reaches a predetermined 
light control level. The light control level may be appropri 
ately changed to regulate flash light amount. 
The density control knob 59 is manually operable to 

change the density of photo-prints between a normal (N) 
tone, a dark (D) tone and a light (L) tone by Setting the knob 
59 in one of three positions indicated by “N”, “D” and “L”. 
When the knob 59 is set in the “D’ position, a corresponding 
density control signal D is inputted in a CPU 70 through a 
density control Signal input circuit 66 So that an exposure 
value is automatically modified to obtain a relatively under 
exposed photograph. When the knob 59 is set in the “L” 
position, a corresponding density correction Signal L is 
inputted to the CPU 70 so that an exposure value is auto 
matically modified to obtain a relatively over-exposed pho 
tograph. 
The CPU 70 controls the above and other Sections of the 

camera to execute an exposure control according to a 
Sequence program Stored in a program memory 71 consti 
tuted of a ROM. When a release signal generator 72 outputs 
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a signal indicating that the shutter button 57 is depressed 
halfway, a light measurement circuit 73 detects light mea 
Surement signals respectively from the central Segment 36a 
and the peripheral Segment 36b. The light measurement 
Signals are converted through an A/D converter 74 into 
digital data representative of a central light value LVa and a 
peripheral light value LVb, and then inputted in an exposure 
calculator 75. 

The exposure calculator 75 first makes an judgment based 
on the light values LVa and LVb as to whether the scene to 
be photographed is front-lighted or back-lighted. Depending 
upon this judgment, the exposure calculator 75 reads appro 
priate exposure correction data from an exposure correction 
data memory 76, and calculates a central exposure value Ea 
based mainly on the central light value LVa, and a peripheral 
exposure value Eb based mainly on the peripheral light 
taking other parameters including ISO Speed into consider 
ation in both cases. The exposure correction data memory 76 
is constituted of an EEPROM which may be rewritten with 
appropriate data during the manufacture. The central and 
peripheral exposure values Ea and Eb are sent to the CPU 70 
to be stored in a RAM 77. 

The CPU 70 calculates an effective exposure value E 
based on the central and peripheral exposure values Ea and 
Eb in accordance with an exposure calculation Sequence 
stored in the ROM 71, as will be described in detail below. 
The effective exposure value E is a control value for 
controlling the shutter mechanism 61. Basically, the effec 
tive exposure value E is determined higher than both expo 
Sure values Ea and Eb, So that, when the Shutter mechanism 
61 is driven in correspondence with the effective exposure 
value E, an under-exposed photograph would be produced 
without flash light. 

The shutter mechanism 61 is driven through a shutter 
driver 78 which counts clock pulses from the start of each 
Shutter release or opening operation, So as to check the size 
or diameter of an aperture formed through the iris diaphragm 
type Shutter, and outputs a trigger Signal to the flash circuit 
65 when the aperture size takes a value determined in the 
CPU 70. 
The flash circuit 65 causes the flash discharge tube 63 to 

flash light in response to the trigger Signal, and stops the 
flash discharge tube 63 from flashing in response to a flash 
stop signal outputted from a flash light controller 64. The 
flash light controller 64 integrates the amount of light 
detected by the photoelectric element 58a, to output the flash 
Stop Signal when the integrated light amount VS reaches a 
light control level VR determined in the CPU 70. 
A distance measuring Section 24 outputs a distance Signal 

corresponding to a Subject distance K based on light pro 
jected through the light projecting window 13 and received 
through the light receiving window 14. Since it depends 
upon the Subject distance whether flash light has effect on 
the exposure or not, the CPU 70 takes the subject distance 
Kinto consideration when calculating the effective exposure 
value E. Also, the density control signal N (normal), L (light) 
or D (dark) inputted through the density control Signal input 
circuit 66 is taken into account when calculating the effec 
tive exposure value E. 

The operation of the exposure control device according to 
the embodiment shown in FIG. 8 will be described with 
reference to FIGS. 9 to 11. 
Upon half-depression of the shutter button 57, a subject 

distance Signal and light measurement Signals are photo 
electrically detected by the central Segment 36a and the 
peripheral Segment 36b, and are converted into a central 
brightness value BVa and a peripheral brightness value BVb 
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10 
through the light measurement circuit 73. The exposure 
value calculator 75 converts the central and peripheral 
brightness values BVa and BVb into central and peripheral 
light values LVa and LVb, respectively, with respect to a 
given film Speed. Simultaneously, the exposure value cal 
culator 75 reads the offset value Ö from the exposure 
correction data memory 76 to determine whether the pho 
tographic Scene is front-lighted or back-lighted, by compar 
ing the peripheral light value LVb with a value formed by 
adding the offset value Ö to the central light value LVa. That 
is, when the value LVa+ö is less than the peripheral light 
value LVb, the scene is judged to be front-lighted. When the 
value LVa+ö is not less than the peripheral light value LVb, 
the Scene is judged to be back-lighted. According to the 
present embodiment, the offset value Ö is one of predeter 
mined values set within a range from LV 0 to 3 at intervals 
of Lv 4 (0.25), and is selected in correspondence with the 
central light value LVa. 
The exposure calculator 75 refers to the exposure correc 

tion data memory 76 again, to determine correction coeffi 
cients C. and B to be used in calculation of the central and 
peripheral exposure values Ea and Eb, in accordance with 
whether the Scene is back-lighted or front-lighted. Accord 
ing to the present embodiment, “1.00 and “0.19 are 
determined as correction coefficients C1 and 31 for front 
lighted scenes, whereas “0.96” and “0.69 are determined as 
correction coefficients O2 and B2 for back-lighted Scenes. 
The correction coefficients C. and B are intended to take 

account of the fact into exposure calculation that the bright 
neSS value detected by the central Segment 36a is not equal 
to the Subject brightness but affected in Some measure by the 
background brightness. Therefore, the values of the correc 
tion coefficients C. and B may be Statistically predetermined 
based on thousands of actual photographs. According to the 
present embodiment, it is preferable to determine the cor 
rection coefficient C2 in a range from 0.825 to 1.00, and the 
correction coefficients f1 and B2 in a range from 0 to 1. It 
is also preferable to vary the correction coefficients C. and B 
depending upon the Subject distance or in accordance with 
the offset value Ö. 

After the correction coefficients C. and B are thus 
determined, the central exposure value Ea and the peripheral 
exposure value Eb are calculated according to the following 
equations: 

Ea = log{1 - (1 - C)2'''''} - logo. + LVa (7) 

(8) 

The central exposure value Ea is a value at which a central 
area of a consequent photograph would be properly exposed 
without flash light both for front-lighted scenes and for 
back-lighted Scenes, and is determined mainly based on the 
central light value LVa while taking consideration of the 
peripheral light value LVb. On the other hand, the peripheral 
exposure value Eb is a value at which the exposure amount 
of a consequent photograph would be proper in total without 
flash light, whereas a central area of the photograph would 
not remarkably deviate from an optimum exposure 
condition, especially when the Scene is front-lighted. 
The central and peripheral exposure value Ea and Eb are 

once stored in the RAM 77 through the CPU 70. Then, 
according to a sub-routine shown in FIGS. 10A and 10B, the 
CPU 70 determines an effective exposure value E as a 
control value for the Shutter mechanism 61, and a mix rate 
MX representative of a rate or percentage of flash light 
amount to be contributed to the total exposure amount. For 
example, if the mix rate MX=20, the flash light amount 

Eb = log, B2''' + (1 - B)} + LVb 
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should contribute to 20% in the necessary exposure amount, 
whereas the effective exposure value E Should correspond to 
80% of the exposure amount. 

First, the Subject distance K is compared with a prede 
termined value, e.g., 5 m. When the Subject distance K is 
more than 5 m, a flag “1” is set in the RAM 77 to indicate 
that the main subject is disposed beyond a flash effective 
range in which the flash light is fully effective. When the 
subject distance K is not more than 5 m, a flag “0” is set in 
the RAM 77 to indicate that the main subject is in the flash 
effective range. Responsive to the flag “0”, a value / is 
assigned for an under-biasing value U which Serves to bias 
the exposure value toward under-exposure Side. When the 
flag “1” is set, the under-biasing value U is set to “0”. 

Then, a preliminary exposure value E1 is calculated based 
on the under-biasing value U and the peripheral exposure 
value Eb, as well as depending on the density control Signal 
N (normal), L (light) or D (dark) from the density control 
Signal input circuit 66. Specifically, when the density control 
Signal is N, the preliminary exposure value E1 is calculated 
by adding the under-biasing value U to the peripheral 
exposure value Eb. Therefore, with the under-biasing value 
U=0, the value E1 is equal to the value Eb. With the 
under-biasing value U=/3, the value E1 is set /3 LV higher 
than the value Eb So that a correspondingly under-exposed 
photograph would be produced if the shutter mechanism 61 
is driven in accordance with the value E1 without flash light. 
When the density control Signal L is inputted, the pre 

liminary exposure value E1 is set 2/3 LV lower than the value 
Eb+U to obtain a larger exposure amount in comparison 
with the case where the density control Signal N is inputted. 
On the contrary, when the density control signal D is 
inputted, the preliminary exposure value E1 is Set 2/3 LV 
higher than the value Eb+U to obtain a smaller exposure 
amount compared with the case where the density control 
Signal is N. Depending on the density control Signal N, L or 
D, also a light amount control coefficient T is determined, 
which used for determining the mix rate MX as set forth 
below. 

After the preliminary exposure value E1 is determined in 
this way, the value E1 is compared with a limit exposure 
Value E, which corresponds to an exposure time, e.g., /45 
Sec., beyond which camera-shake is very likely to occur. If, 
therefore, an exposure time corresponding to the preliminary 
exposure value E1 is longer than /45 Sec., the limit exposure 
value E, is Selected as the effective exposure value E. 
Otherwise, the value E1 serves as the effective exposure 
value E. 
When E1s E, , as it means that the Subject brightness is 

quite low, an ordinary flash photography using a flash light 
as a main illumination light on exposure, is executed while 
Setting the effective exposure value E at the limit exposure 
Value E. When E1>E, even though it means that the 
Subject brightness does not need a flash light, a day-light 
Synchronized flash photography is executed while Setting the 
effective exposure value E at the preliminary exposure value 
E1. In either case, the amount of flash light to be Supple 
mented is calculated as the mix rate MX in accordance with 
the sequence shown in FIG. 10B. 

Specifically, if E1>E, and the Scene is front-lighted, the 
mix rate MX=20x. If E1>E, and the Scene is back 
lighted, the central exposure value Ea is assigned for a 
coefficient Z which is used in calculating a preliminary mix 
rate MXO. If E1 SE, and the Scene is front-lighted, the 
peripheral exposure value Eb is assigned for the coefficient 
Z. If E1 SE, and the Scene is back-lighted, the central 
exposure value Ea is assigned for the coefficient Z. Then, the 
preliminary mix rate MXO is determined based on the value 
E and Z. 
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If the subject distance Ks5 m, MXO=2^x100. If the 

subject distance K-5 m, MXO=2^(E+/3)x100. Depending 
upon whether the calculated preliminary mix rate MXO is 
less than 5 m or not, the mix rate MX is determined to be 
100x or 100x-MXO, respectively. In this way, the effec 
tive exposure value E and the flash light amount is always 
determined in combination with each other to achieve an 
optimum exposure amount in totality. 

In correspondence with the effective exposure value E and 
MX determined as above, flash start time data FT and a light 
control level VR for controlling start and stop of flashing are 
determined according to a sequence shown in FIG. 11. The 
flash start time data FT is determined as a f-number corre 
sponding to an aperture size or diameter of the iris dia 
phragm type shutter, at which flash light should start being 
projected. That is, the moment when the Shutter mechanism 
61 comes to that aperture size represented by the data FT, a 
trigger Signal should be applied to the flash circuit 65. 
Because a peak aperture Size of the program Shutter is 
defined by the effective exposure value E, a f-number FE 
corresponding to the effective exposure value E may be 
definitely determined in accordance with the effective expo 
Sure value E. Also, because the present aperture size of the 
Shutter can be detected as a time duration from the Start of 
the Shutter actuation, it is possible to control the flash timing 
with respect to a given f-number FT by counting drive pulses 
applied to the shutter driver 78 for shutter actuation. 
As shown in FIG. 11, first a basic flash time value FF is 

determined depending upon whether the Subject distance K 
is more than 1.5 m or not, as well as whether the density 
control Signal is L or not. If the Subject distance K>1.5 m, 
a first value F1 is determined as the basic flash time value FF, 
wherein the first value F1 corresponds to a maximum or 
fully-opened aperture size of the shutter mechanism 61. If 
the Subject distance KS 1.5 m and the density control Signal 
is other than L, a Second value F2 is determined as the basic 
flash time value FF. If Ks 1.5 m and the density control 
signal is L., a third value F3 is determined as the basic flash 
time value FF. For example, the first to third values F1, F2 
and F3 are f-11, f-19 and f-16 in case where EV 11, Ev 12 
and EV 13 correspond to f-15.3, f-17.4 and f-25.2, respec 
tively. These values F1, F2 and F3 are predetermined such 
that the efficiency of flash light on a subject will not be too 
lowered in a farther range than 1.5 m, and will not be too 
large in a nearer range than 1.5 m. Accordingly, even a near 
main Subject would not be over-exposed. 

Finally, between the basic flash time value FF and the 
f-number FE corresponding to the effective exposure value 
E, one that represents a Smaller aperture size or diameter is 
decided to be used as the flash start time data FT. Thereafter, 
the light control level VR is determined in accordance with 
the following equation: 

All the control data determined as set forth above is stored 
in the RAM 77, to be read on executing a photographic 
sequence. The value FT is stored as the number of drive 
pulses to be Supplied from the Start of Shutter actuation to the 
flash Start time when the shutter mechanism reaches the 
corresponding aperture size. 

Referring again to FIG. 9, the photographic Sequence 
Starts in response to a shutter release Signal outputted from 
the shutter release circuit 72 to the CPU 70 upon full 
depression of the shutter button 7. Then, the CPU 70 starts 
supplying the drive pulses to the shutter driver 78 to actuate 
the shutter mechanism 61. When the number of drive pulses 
reaches the number corresponding to the value FT, the 
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Shutter driver 78 outputs a trigger Signal to the flash circuit 
65 to cause the flash discharge tube 63 to flash. 
The flash light projected from the tube 63 and reflected 

from the subject falls on the photoelectric element 58a, so 
that the flash light controller 64 integrates the light amount 
in form of a voltage VS on a capacitor. When the voltage VS 
reaches the light control level VR, the flash light controller 
64 outputs a flash stop signal to the flash circuit 65 to stop 
flashing. Meanwhile, the Shutter mechanism 61 continues to 
be opened up to the aperture size corresponding to the value 
FE, and then closed. Therefore, in case FT=FE, the shutter 
driver 78 starts closing concurrently with the flash start. 

FIG. 12 shows control values resulted from the above 
described Sequence with respect to Several concrete central 
and peripheral light values, using the offset value Ö=1.5, the 
correction coefficients C.1=1, B1 =0, Cl2=0.19, B2=0.69, 
when the film speed is ISO 100, the subject distance Ks 5 
m, and the density control knob 59 is set at the normal (N) 
position. It is to be noted that the light control level VR is 
clipped within a range from 0.2 to 3 V. 
AS shown in FIG. 12, flash photography at a mix rate of 

20% is executed even for front-lighted subjects having a 
high brightness that does not need Supplementary 
illumination, so that the exposure will be satisfactory to both 
main Subject and background or other Subsidiary Subjects. 
Since the aperture size and the Shutter Speed are determined 
in accordance with a higher brightness value than the actual 
Subject brightness correspondingly to the mix rate of flash 
light, not only camera-shake is prevented, but also the depth 
of field is enlarged in comparison with a non-flash photog 
raphy. Therefore, also the focusing condition of the photo 
graph will be improved. 

For a back-lighted Scene, flash photography is executed at 
an increased mix rate based on the central exposure value Ea 
to obtain an optimum exposure for the main Subject, while 
adjusting the effective exposure value E for the Shutter 
mechanism 61 to the peripheral exposure value Eb So as to 
obtain a reasonable exposure for the background. Since the 
exposure control operation is basically common to any kind 
of Scenes including back-lighted and front-lighted Scenes, a 
Simple program Software is enough. 

If the calculated preliminary exposure value E1 is leSS 
than the limit exposure value E, Since it means that 
camera-shake could occur with the preliminary exposure 
value E1, the shutter mechanism 61 is controlled at the limit 
exposure value E, while adjusting the mix rate MX to the 
value E, in combination with the central or peripheral 
exposure value Ea or Eb, So that the exposure amount is 
always maintained proper. 

Meanwhile, program Shutters are widely used in recent 
instant cameras and compact cameras. The program shutter 
makes an exposure according to a combination of aperture 
value (AV) and shutter speed (Tv) which is determined in 
accordance with an exposure value (EV). Generally, the 
program Shutter has two or more shutter blades which are 
actuated by a motor or the like to open and close at once. In 
most program Shutter, the exposure control is effected by 
controlling open time of the Shutter blades in accordance 
with the exposure value. 

For example, as shown in FIG. 26, in case an open time 
To is definitely determined in accordance with an exposure 
value, the Shutter drive motor Starts rotating in a forward 
direction upon a shutter release operation, to cause the 
Shutter blades to move in an opening direction. The moment 
when the Shutter blades reach a reference position, which is 
detected by a photo-Sensor or the like, a trigger Signal is 
generated to Start clocking or timing the open time To. In this 
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14 
instance, the reference position is a position of the Shutter 
blades, called pin-hole position, at which the exposure Starts 
or a very Small aperture as called pin-hole is being formed. 
The reference position may be a position around the pin-hole 
position, assuming that the open time To is determined 
taking the distance of the reference position from the pin 
hole position. 
The moment when the open time To has been clocked up, 

a shutter close Signal is generated. Responsive to the Shutter 
close Signal, the motor Starts rotating a reverse direction to 
close the shutter blades. The shutter blades is thus returned 
to an initial closed position through the pin-hole position. In 
this way, an exposure is accomplished. AS shown by a curve 
S0, the shutter blades move a little further in the opening 
direction after the Shutter close Signal, because of inertia and 
the like. Of course, the exposure continues after the open 
time To till the shutter blades are completely closed. 
Therefore, the open time To is determined taking account of 
the exposure amount expected to be provided in and after the 
open time To. Since the above conventional method permits 
obtaining an appropriate exposure amount by Setting only 
the open time To in accordance with the exposure value, the 
construction for exposure control can be simple. Moreover, 
the Shutter close Signal can Serve as a flash trigger Signal. 

However, the conventional method has a problem in view 
of the fact that the shutter blades do not always move at the 
Same Speed in practice. For example, when the camera 
posture is changed, friction between the Shutter blades as 
well as between a shutter base plate and the shutter blades 
can change. In addition to the friction change, variance and 
aging of individual shutter blades, variation in circumstance, 
and so forth can cause the variation in moving speed of the 
shutter blades. This problem can be difficult to solve espe 
cially when the shutter drive motor should be compact and 
should consume leSS energy, and hence has a limited driving 
power. 

If the shutter blades moving speed is lowered for some 
reason, Shutter operation characteristics would be changed 
as shown by a curve SX when actuated with the same open 
time To. Strictly, also the pin-hole position would shift to the 
right in the time axis relative to the curve SO since it takes 
a longer time from the Start of Shutter blades actuation to the 
pin-hole forming compared to the normal shutter, though the 
pin-hole position or the reference position for the open time 
To is Set at a Zero point of the timing charts for convenience 
Sake. 

Since the exposure amount corresponds to the area 
bounded by the curve SO or SX and the time axis, the 
exposure amount associated with the curve SX is remarkably 
Smaller than that associated with the curve SO. Also there is 
a large difference in peak aperture size or diameter D0 or D1 
between the curves S0 and SX. Therefore, the unexpectedly 
decelerated Shutter blades will cause an under-exposure. 
Similarly, an unexpectedly accelerated Shutter blades will 
cause an over-exposure. 

Furthermore, in case the Shutter close Signal Serves as the 
flash trigger Signal, Since the Shutter close signal is generated 
immediately before the aperture size reaches the peak value, 
the amount of flash light effecting on the exposure largely 
depends on the peak diameter. Therefore, the deviation from 
the expected peak diameter DO has certain effect on the 
exposure in flash-photography. 

FIG. 13 shows an embodiment which permits precise 
exposure control at low costs in Spite of Shutter blades 
moving Speed changes. According to this embodiment, an 
exposure control device is constituted of an exposure value 
calculating Section 82 and an exposure control Section 90 
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which are controlled by a microcomputer according to a 
photographic Sequence program. The exposure calculating 
section 82 is basically constituted of a photometric circuit 83 
including a photo-electric element 83a, a brightness deter 
mination circuit 84, and an exposure value calculation 
circuit 85. The photometric circuit 83 outputs a light mea 
Surement signal V corresponding to a light amount 
received on the photo-electric element 83a. Because the 
value obtained from the photo-electric element 83a may be 
affected by peripheral temperature C., the light measure 
ment Signal V is detected taking the peripheral tempera 
ture C. into consideration. For this purpose, a temperature 
correction data memory 86 is connected to the photometric 
circuit 83. 

The brightness determination circuit 84 converts the light 
measurement signal V into a digital value, and determines 
a brightness value BV1 based on the digital value with 
reference to a table memory 87. The table memory 87 is 
constructed as ROM, and stores a conversion table for 
converting the digital values into Standard brightness values 
BV1. So far as ordinary front-lighted scenes concerned, the 
standard brightness values BV1 may be useful for calculat 
ing an proper exposure value. However, in flash 
photography and back-light photography, it is necessary to 
correct the exposure value correspondingly. In addition, it is 
preferable to take account of the difference between indi 
vidual cameras into exposure calculation. For this purpose, 
the brightness determination circuit 84 corrects the standard 
brightness value BV1 with various correction coefficients 
stored in a correction coefficient memory 88 to output a 
corrected brightness value BV to the exposure calculation 
circuit 85. The exposure correction circuit 85 reads film 
Speed data from a loaded film, and calculates an exposure 
value EV based on the brightness value BV and the film 
Speed. The exposure value EV thus calculated is outputted in 
digital form to the exposure control section 90. 

In the exposure control Section 90, a pulse number Setting 
circuit 92 reads a pulse number P corresponding to the 
exposure value EV from a table memory 94 constructed by 
ROM, while a timer setting circuit 93 refers to another table 
memory 95 to determine a time period TA in association 
with the exposure value EV. 

The table memory 94 stores a conversion table as shown 
schematically in FIG. 14, wherein all exposure values EV to 
be calculated in the exposure value calculating Section 82 
and included in a range allowable for automatic exposure 
control, are allocated in each decrement of 0.1 (EV) to a 
pulse number P. The pulse number P does not increase 
with every decrement of the exposure value EV, but in total, 
the number P becomes the larger, the Smaller the exposure 
value EV becomes. In case the calculated exposure value EV 
is “13.9', for instance, the pulse number setting circuit 92 
determines “5” as the pulse number P. 

The table memory 95 may also be a ROM which stores a 
EV-TA-conversion table as shown schematically in FIG. 
15, wherein all exposure values EV to be calculated are 
allocated in each decrement of 0.1 (EV) to a time periodTA. 
The time periods TA are expressed in /1000 second (ms). For 
the exposure value EV “13.9", the timer setting circuit 93 
determines “4.0 ms' as the time periodTA. Comparing the 
EV-TA-conversion table with the EV-P-conversion table 
shown in FIG. 14, the time period TA gradually increases 
in those ranges of the exposure value EV wherein the pulse 
number P is unchanged with the exposure value EV. On the 
other hand, the time period TA decreases by a certain degree 
at every increment of the pulse number P. Although the 
table memories 94 and 95 are provided separately from each 
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other, the conversion tables shown in FIGS. 14 and 15 may 
be combined into a table. 
The pulse number P and the time period TA thus 

determined are inputted to a comparator 97 and a timer 98, 
respectively. The comparator 97 compares a count Pc of a 
pulse counter 100 with the pulse number P to output a clock 
trigger signal to the timer 98 when the count Pc reaches the 
pulse number P. The timer 98 starts clocking in response to 
the clock trigger Signal, to output a shutter close Signal when 
clocks up to the time period TA. In this embodiment, the 
timer 98 counts clock pulses Sent from the microcomputer, 
and outputs the Shutter close Signal upon counting up to a 
clock pulse number which corresponds to the time period 
TAE. 
To open and close an exposure opening 102 of a camera, 

a pair of shutter blades 103 and 104 are provided, each of 
which can Swing about an axis 103a or 104a and has a cam 
slot 103b or 104b. A drive pin 105 is inserted through the 
cam slots 103b and 104b such that, when the drive pin 105 
moves in a direction as shown by an arrow in FIG. 13, the 
shutter blades 103 and 104 are swung in respective opening 
directions opposite to each other, to open the exposure 
opening 102. While the drive pin 105 moves back to an 
initial position shown in FIG. 13, the exposure opening 102 
is being closed. The rotational angle of the Shutter blades 
103 and 104 defines the aperture size. 
One of the two shutter blades 104 has a plurality of slits 

108 formed through its distal end portion. The slits 108 are 
arranged at constant intervals along an arc formed around 
the rotational axis 104a in an angular range corresponding to 
the Swing angle of the shutter blade 104. Any of the slits 108 
will not overlap the exposure opening 102 even while the 
shutter blade 104 Swings. The shutter blade 104 further has 
a signal hole 109 formed therethrough. The slits 108 are 
detected by a Sensor, e.g., a photo-interrupter 110, to Serve 
as a Signal member for indicating angular position of the 
shutter blade 104. The signal hole 109 is detected by a 
Sensor, e.g., a photo-interrupter 112 for determining the 
pin-hole position of these shutter blades 103 and 104. The 
slits 108 and the signal hole 109 may be integrally formed 
with the shutter blade 104, e.g., by blanking. The integrally 
formed slits 108 may be replaced by an attachment of a sheet 
having a line of transparent windows arranged at constant 
intervals which are formed for example by photomechanical 
proceSS. 
The photo-interrupters 110 and 112 are each constituted of 

a light projector and a light receptor which are disposed on 
opposite sides of the shutter blade 104. The photo 
interrupter 30 is disposed in the course of the slits 108 so as 
to output a high level Signal when the light path thereof is 
blocked by the shutter blade 104, and output a low level 
signal when the slit 108 is in the light path. Therefore, the 
photo-interrupter 110 outputs encode pulses having alter 
nately high and low levels while the shutter blade 104 
moves. The photo-interrupter 112 is disposed in the course 
of the signal hole 109, so as to detect the signal hole 109 the 
moment when a pin-hole is formed between the shutter 
blades 103 and 104. 
The encode pulses from the photo-interrupter 110 is sent 

to the pulse counter 100, which counts the number of falling 
edges of the encode pulses, hereinafter referred to Simply as 
encode pulses. Since the position of the slits 108 in the 
shutter blade 104 and the spacings therebetween are known, 
the count Pc of the pulse counter 100 represents the present 
angular position of the shutter blade 104 and hence the 
present aperture size formed between the shutter blades 103 
and 104. It is possible to count the number of raising edges 



5,774747 
17 

of the encode pulses in Stead of falling edges thereof. It is 
also possible to count the number of both raising and falling 
edges of the encode pulses in order to improve the resolution 
or fineness of Shutter blade position detection. 

The pin-hole position Signal from the photo-interrupter 
112 is also sent to the pulse counter 100 to serve as a count 
Start Signal upon which the pulse counter 100 starts counting 
the encode pulses. Instead of forming the slits 108 and the 
signal hole 109 through the shutter blade 104, a pattern may 
be printed on the shutter blade 104 with a high reflective 
material. In this alternative, reflective photo-Sensors should 
be substituted for the photo-interrupters 110 and 112 to 
detect the encode pulses and the pin-hole position Signal. 
Such a pattern may be formed by a magnetic material while 
using magnetic Sensors therefor. In any case, it is preferable 
for accuracy of exposure control to detect the position of the 
shutter blade 104 without the need for contacting it. 

The drive pin 105 is driven by a motor 115 which is 
controlled by a motor driver 116. When a shutter release 
signal is inputted in the motor driver 116, the motor 115 is 
caused to rotate forward to open the shutter blades 103 and 
104 through the drive pin 25. When the shutter close signal 
is supplied from the timer 98, the motor 115 is caused to 
rotate reversely to close the shutter blades 103 and 104. As 
an actuator for the shutter blades 103 and 104, a galvanom 
eter or the like whose rotational angle is less than 360 may 
be applicable. 

FIG. 16 shows a flow chart of the operation of the 
embodiment shown in FIG. 13. Upon half depression of a 
Shutter button of the camera, a proper exposure value EV is 
calculated in the exposure calculating Section 82. If the 
shutter button is reset to an initial position, the calculated 
exposure value EV is canceled, and a new exposure value 
EV is calculated again upon the next half-depression of the 
shutter button. First when the shutter button is fully 
depressed, the calculated exposure value EV gets effective to 
the exposure control, and is Sent to the pulse number Setting 
circuit 92 and the timer setting circuit 93. These setting 
circuits 92 and 93 convert the exposure value EV into a 
corresponding pulse number P and a corresponding time 
period TA with reference to the table memories 94 and 95, 
respectively. 

In response to the full-depression of the shutter button, the 
motor driver 116 is Supplied with a shutter release signal to 
drive the motor 115 to rotate forward. As a result, the shutter 
blades 103 and 104 begin to move from the initial com 
pletely closed position toward an open position. While the 
shutter blades 103 and 104 are in motion, the photo 
interrupter 102 detects the signal hole 109 to input a count 
start signal to the pulse counter 100. Then, the count Pc of 
the pulse counter 100 is reset to Zero to start counting the 
encode pulses from now on. 

FIG. 17 illustrates the change of aperture size formed 
between the shutter blades 103 and 104 when the calculated 
exposure value EV is “13.9", in connection with the encode 
pulses and the operation of the timer 98. A curve PO and 
timing charts shown by Slid lines relate to a case where the 
shutter blades 103 and 104 move at a standard speed. The 
Zero point of the graph corresponds to the pin-hole position 
at which the pulse counter 100 starts counting. 

After the pin-hole is formed, the shutter blades 103 and 
104 continue to move to gradually increase the aperture size, 
and the slits 108 seriatim pass the photo-interrupter 110. 
Then, the pulse counter 100 counts up one by each falling 
edge of the encode pulses generated from the photo 
interrupter 110. Since the exposure value EV is “13.9” in this 
instance, a pulse number P=5 and a time period TA=4.0 
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ms are Set in the pulse number Setting circuit 92 and the 
timer Setting circuit 93, respectively. 
The comparator 97 compares the pulse number P=5 with 

the count Pc of the pulse counter 100 to outputs a clock 
trigger Signal to the timer 93, whereupon the timer Starts 
clocking. The moment when a clocked time reaches the time 
period T =4.0 ms, a shutter close signal is inputted to the 
motor driver 116 to cause the motor 115 to rotate reversely. 
As a result, the shutter blades 103 and 104 begin to move 
back to the initial closed position with a certain mechanical 
delay from the shutter close Signal. Determination as to 
whether the shutter blades 103 and 104 return to the initial 
position or not can be made in the same way as the 
determination of the pin-hole position. 

Although encode pulses are generated also while the 
shutter blades 103 and 104 are being closed, these encode 
pulses are not shown in the drawings because being unnec 
essary for the exposure control. However, because the 
number of encode pulses counted by the pulse counter 100 
during the closing of the shutter blades 103 and 104 is equal 
to the number of encode pulses counted during the opening 
of the shutter blades 103 and 104, it is possible to count 
down the encode pulses upon the Shutter close Signal So as 
to determine that the shutter blades 103 and 104 return to the 
pin-hole position when the count has decreased to Zero. 

In case the calculated exposure value EV is “14.0”, the 
Same pulse number P=5 is Selected as in the case of 
EV=13.9. Therefore, a clock trigger Signal is outputted upon 
the fifth falling edge of the encode pulses, as shown in FIG. 
17. However, a different time period “3.2 ms” is allocated as 
TA to the exposure value EV=14.0, the timer 98 outputs a 
shutter close signal at a timing 0.8 ms faster than the case of 
EV=13.9. Therefore, a shorter exposure time is properly 
provided for EV=14.0 than that for EV=13.9. 
On the other hand, when the calculated exposure value 

EV is “13.8”, a clock trigger signal is outputted when the 
count Pc of the pulse counter 100 reaches “6”, that is, at a 
later timing compared with the case of EV=13.9. If the time 
period TA was 4.0 ms for EV=13.8 while the pulse number 
P is “6”, it would result in an over-exposure. However, the 
time period TA is predetermined to be 1.0 ms for EV=13.8, 
So that a proper exposure amount is obtained. 
A curve P1 and timing charts shown by dashed lines in 

FIG. 17 relate to a case where the moving speed of the 
shutter blades 103 and 104 is lowered for Some reason Such 
as increased friction, and the calculated exposure value EV 
is “13.9”. For convenience sake, the pin-hole position of the 
curve P1 is Set at the Zero point of the graph like as the curve 
P0. As seen from these timing charts, with the lowered 
moving speed of the shutter blades 103 and 104, pulse 
spacings of encode pulses generated at that time are elon 
gated correspondingly. Therefore, the timing of clock trigger 
signal to be outputted from the comparator 107 is set later 
compared with the Standard case even with the same pulse 
number P=5. 

Since the timer 98 starts clocking the time period TA=4.0 
ms upon the clock trigger Signal delayed in this way, also the 
timing of Shutter close Signal to be outputted from the timer 
98 is set later by the delay time of the clock trigger signal, 
So that a longer exposure time is provided to compensate for 
the deceleration of the shutter blades 103 and 104. 
Accordingly, an exposure amount obtained by the curve P1 
is substantially equal to that obtained by the curve P0. Also 
the aperture size peak of the curve P1 little differs from that 
of the curve P0. Therefore, a satisfactory exposure will be 
made even in a flash photography wherein the Shutter close 
Signal Serves as a flash trigger signal. 
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In the same way as above, if the shutter blades 103 and 
104 should move at a higher speed than the standard value, 
a correspondingly shortened exposure time will compensate 
for it. 

FIG. 18 illustrates an aperture Size change relating to a 
long time exposure, in connection with the encode pulses 
and the operation of the timer 98. In the long time exposure, 
the shutter blades 103 and 104 are moved to open up the 
exposure opening 102 to the full, and stopped by a stopper 
member to be kept in the full open position. Therefore, the 
aperture size is fixed to a maximum value DA which is 
defined by an inner diameter of the exposure opening 102. 
While the shutter blades 103 and 104 stop at the full open 
position, no encode pulse is generated, So that the exposure 
amount for the long time exposure is controlled by changing 
the time period T.A. 

For example, if twenty slits 108 are formed through the 
shutter blade 104 and the photo-interrupter 110 is adapted to 
output Sixteen encode pulses in a range from the pin-hole 
position to the full open position, the largest pulse number 
P. stored in the table memory 94 is “16”, so that the pulse 
number P to be set in the pulse number setting circuit 92 
is limited up to “16”. 
On the other hand, in the EV-TA-conversion table of the 

table memory 95, time period TA gradually increases with 
gradual decrease of exposure values EV in the range where 
the largest pulse number P=16 is allocated. Therefore, as 
for those exposure values EV for which the pulse number P. 
is "16', exposure amount is controlled by changing the time 
period TA in accordance with the exposure values EV, after 
the pulse counter 100 counts up to Sixteen, as is shown in 
FIG. 18, wherein Ta represents a predetermined maxi 
mum value of the time period T. 

According to the embodiment shown in FIGS. 13 to 18, 
Since a shutter blade has a signal member for position 
detection of the Shutter blade, and a timer Starts clocking 
from a shutter blade position, which is determined in accor 
dance with a calculated proper exposure value, So as to 
generate a shutter close Signal when the timer clocks up a 
time period determined also in accordance with the calcu 
lated exposure value, a correct exposure amount is achieved 
even if the speed of the shutter blade movement should 
change. Since the Shutter blade positions for the respective 
exposure values are Stored as pulse numbers in a table 
memory, and the position of the Shutter blade is determined 
by comparing a corresponding pulse number with the num 
ber of pulses obtained from the Signal member during the 
movement of the shutter blade, a high Speed calculation is 
achieved by a simple construction. 
The number of slits 108 of the shutter blade 104 may be 

appropriately determined in consideration of the available 
range of exposure valueS EV as well as the expected 
accuracy or fineness of exposure control. Also the Spacing 
between the slits 108 can be changed from one another in 
accordance with increments of exposure valueS EV. The 
timing to Start counting the encode pulses need not exactly 
be set at the pin-hole position. 

It is possible to previously store the number Px of encode 
pulses to be obtained in a time from the start of movement 
of the shutter blade 104 to the pin-hole position, so as to start 
counting upon the shutter release signal and reset the pulse 
counter 100 to Zero once the count reaches the number PX. 
By counting anew the encode pulses generated thereafter, 
the same effect as above is available without the Signal hole 
102 and the photo-interrupter 112. It is also possible to set 
the pulse numbers P taking account of the pulse number PX 
in the EV-P-conversion table. According to this 
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embodiment, the Shutter release signal may be used as a 
clock trigger Signal for the pulse counter 100, without the 
need for resetting the pulse counter 100 once at the pin-hole 
position. 
AS described so far, the embodiment shown in FIGS. 13 

to 18 is on the premise that the speed of the shutter blades 
103 and 104 will not remarkably change or fluctuate during 
one Stroke. This embodiment is Sufficient enough to correct 
most variations of Shutter blade moving Speed wherein the 
Speed totally gets lower or higher than a Standard value, that 
is, the curve of aperture Size relating to time gets gentler or 
Steeper than a Standard curve, as shown for instance by 
dashed lines in FIG. 17. 

In practice, however, the Shutter blade moving Speed may 
fluctuate during one Stroke of the Shutter blades. Since 
photography on reversal films and instant films requires 
much more accuracy in exposure control compared with 
photography on negative films, it is desirable to make up for 
Speed fluctuation during a stroke of the Shutter blades. In 
view of the foregoing, an embodiment shown in FIG. 19 is 
provided with a current control section 120 in addition to an 
exposure calculating Section 82 and an exposure control 
section 90 which have the substantially same constructions 
as those shown in FIG. 13. The current control section 120 
monitors the moving speed of a shutter blades 104 So as to 
change a drive current for a motor 115 in response to a 
change in moving speed of the shutter blade 104. 
The current control section 120 includes a pulse interval 

comparator 121, a drive current correction circuit 122, and 
a drive current setting circuit 123. FIG. 20 shows timing 
charts illustrating the operation of the pulse interval com 
parator 121. Each time the Signal level of the encode pulse 
inverts, the comparator 121 Starts counting clock pulses till 
the next signal level inversion to measure a time interval 
between two adjacent edges Q(n-1) and Qn (n=an integer) 
of the encode pulse signal as a pulse interval Min. Therefore, 
each edge Qn of the encode pulse Signal may be referred to 
as a timing pulse On. The pulse interval Mn is outputted as 
a clock pulse number to the comparator 121. Then, the 
comparator 121 compares each measured pulse interval Mn 
with a corresponding reference pulse interval Kn which 
represents a pulse number and is Sequentially read from a 
reference pulse interval memory 124 upon each timing pulse 
Qn, to output a difference “Mn-Kn' as a Speed correction 
Signal Rn. 
The measured pulse interval Mn will have the smaller 

value, the higher is the moving Speed of the shutter blade 
104. The reference pulse interval Kn represents each indi 
vidual time interval between two adjacent edges of those 
encode pulses which are to be obtained when the shutter 
blade 104 continuously moves at a standard speed. These 
reference pulse intervals Kn may be determined by mea 
Surement of the encode pulses while opening and closing the 
shutter blades 103 and 104 at the standard speed in factory, 
and Stored in the reference pulse interval memory 124 
during manufacturing the camera, So as to absorb the indi 
vidualities of the camera. For this reason, the memory 124 
is preferably an EEPROM. 

Since the Speed correction Signal Rn=Mn-Kn, the Signal 
Rn has a positive value when Mn>Kn, that is, when the 
actual moving speed of the shutter blade 104 is lower than 
the Standard level. The positive Speed correction Signal Rn 
results in accelerating the shutter blades 103 and 104, as will 
be described in detail below. When MnkKn, as it means that 
the actual moving speed of the shutter blade 104 is higher 
than the Standard level, the Speed correction Signal Rn has a 
negative value to decelerate the shutter blades 103 and 104. 
When Mn=Kn, the speed correction signal Rn takes a Zero 
level. 
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It is to be noted that the reference pulse interval Kn need 
not always have an ideal constant value. AS shown for 
example in FIG. 20, the first to third reference pulse interval 
K1, K2 and K3 in the order of Sequential reading may have 
a value a predetermined amount k Smaller than the ideal 
value, So as to enlarge the drive current in the Start of 
actuation of the shutter blades 103 and 104 on purpose that 
the shutter blades may not stall even if an excessive load is 
applied in this stage. Although the enlarged driven current 
may cause the Shutter blade to move faster than the Standard 
Speed, the deviated moving Speed of the Shutter blade will 
automatically be corrected based on the comparison with the 
following reference pulse intervals K4, K5 and so forth, in 
the same way as Set forth above. 

After the shutter blade 104 reaches a predetermined 
intermediate position, e.g., the pin-hole position in the 
opening direction, the pulse interval comparator 121 starts 
integrating the measured pulse interval Min. Specifically, as 
shown in FIG. 21, from a timing pulse Qi that is generated 
first after the pin-hole position in the opening direction, a 
pulse interval Mi measured from the timing pulse Qi to the 
next timing pulse Q(i+1) and the following measured pulse 
intervals M(i+1), M(i+2) and so forth are integrated to 
obtain an integral pulse interval EMn (n =i--1, i+2, i+3. . . ) 
upon each timing pulse Qn. 
On the other hand, the reference pulse interval memory 

124 stores an integral reference pulse interval XKn (n=i--1, 
i+2, i+3. . . ) in association with each timing pulse Qn of 
those which follow the predetermined timing pulse Qi, the 
integral reference pulse interval XKn being an integral value 
of those reference pulse intervals K(i+1) to Kn to be 
provided from the timing pulse Qi to the timing On. The 
pulse interval comparator 121 compares each integral pulse 
interval XMn with a corresponding integral reference pulse 
interval XKn to output a speed correction signal Rn based on 
a difference XMn-XKn. In FIG. 21, the integral pulse 
interval XMn is shown by a solid line, whereas the integral 
reference pulse interval XKn is shown by a dashed line, 
though the curve of the integral reference pulse interval XKn 
is not shown in those ranges where the integral pulse interval 
XMn is equal to the integral reference pulse interval XKn to 
compare with. 

It is, of course, possible to compare each measured pulse 
interval Min with the reference pulse interval Kn also after 
the pin-hole position as before the pin-hole position. 
However, because the speed of the shutter blades 103 and 
104 is relatively stable and rarely fluctuates after the pin 
hole position, comparison of the integral value of the mea 
Sured pulse intervals with the integral reference pulse inter 
Val is enough to maintain the shutter blade Speed constant, 
and much more preferable in terms of easy and rapid 
processing. 

The Speed correction signal Rn thus obtained by the pulse 
interval comparator 121 is inputted in the drive current 
correction circuit 122, which then refers to a table memory 
125 for converting the Speed correction Signal Rn into a 
correction value Vn. The table memory 125 stores a con 
version table in which a correction value Vn is assigned to 
each of all possible values of the Speed correction signal Rn. 
Although it is possible to calculate the value Vn from the 
Speed correction Signal Rn using a mathematical function, 
storing a Rn–Vn-conversion table is preferable for a faster 
data processing. 

The drive current setting circuit 123 is caused by a shutter 
release Signal to Start reading a reference current value from 
a reference current value memory 126 upon each timing 
pulse On. The reference current value is an optimum current 
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value to be supplied to the motor 115 at the timing indicated 
by an associated timing pulse, that is, at a designated 
rotational angle of the shutter blade 104, to move the shutter 
blades 103 and 104 constantly at the standard speed. 
Accordingly, the reference current value for one timing 
pulse may be different from that for another timing pulse, So 
as especially to absorb speed variation caused by individu 
alities of the shutter blades 103 and 104. 

However, for convenience Sake, the following description 
relates to a case where a constant reference current value Io 
is used regardless of the rotational angle of the Shutter blade 
104. Therefore, the drive current setting circuit 123 outputs 
a constant reference drive Voltage Signal Vo for every timing 
pulse Qn in this embodiment. A temperature correction data 
memory 127 is provided to adjust the drive voltage signal Vo 
to a peripheral temperature C., considering a variation in 
rotational speed of the motor 115 which may be caused by 
a variation in peripheral temperature C.. 
The correction value Vn obtained in the drive current 

correction circuit is added to the reference drive Voltage 
signal Vo in an adder 128 so that a value “Vo+Vn' is applied 
as a drive voltage to the motor driver 116. The motor driver 
116 Supplies a corrected drive current “Io--AIn” to the motor 
115, wherein a current correction value AIn may be a 
positive or negative value in correspondence with the polar 
ity of the correction value Vn. 
Now the operation of the current control section 120 will 

be described with reference to FIG.22. Acurve P0 shown by 
a dashed line represents an ideal change of aperture size of 
the program shutter when the shutter blades 103 and 104 
moves constantly at the Standard Speed, whereas a curve P2 
shown by a solid line represents an actual aperture size 
change, though the dashed line is not shown in those ranges 
where the curve P0 overlaps with the curve P2, that is, when 
the actual Speed is equal to the Standard Speed. Also in FIG. 
22, the Zero point of the graph corresponds to a pin-hole 
position, and tA indicates a Start point of Shutter blade 
movement from the initial position. 

In response to a shutter release Signal, the drive current 
Setting circuit 123 reads the reference drive Voltage Signal 
Vo from the reference current value memory 126, and 
outputs the signal Vo to the motor driver 116 to drive the 
motor 115 with the reference current value Io in a forward 
direction. Then, the shutter blades Start moving in the 
opening direction. So long as the shutter blade 104 moves at 
the Standard Speed, the measured pulse interval Mn is equal 
to the reference pulse interval Kn Stored in the reference 
pulse interval memory 124, So that the Speed correction 
signal Rn and hence the correction value Vn from the drive 
current correction circuit 122 take the Zero level, except in 
the start of the shutter blade movement. 

That is, since the first to third reference pulse intervals K1, 
K2 and K3 for the timing pulses Q1, Q2 and Q3 are set 
Smaller than the other reference pulse intervals, the first to 
third speed correction signals R1,R2 and R3 have a certain 
positive value even if the actual Speed is equal to the 
Standard Speed in this stage. As a result, the motor 115 is 
Supplied with an activation current that is larger than the 
Standard current value Io correspondingly to the Speed 
correction signals R1, R2 and R3, to accelerate the Shutter 
blades 103 and 104 in the first stage of shutter blade 
actuation to reach the Standard Speed immediately after the 
Start of movement. 

If the moving speed of the shutter blades 103 and 104 
becomes lower than the Standard Speed in a time period from 
the Second timing pulse Q2 to the third timing pulse Q3, as 
shown in FIGS. 20 and 22, the third measured pulse interval 



5,774747 
23 

M3 is larger than the third reference pulse interval K3. Then, 
the pulse interval comparator 121 outputs a positive value as 
the third Speed correction Signal R3. The positive Speed 
correction Signal R3 is converted into a positive correction 
value V3 which is added to the reference drive voltage signal 
Vo by the adder 128. As a result, the motor 115 is driven with 
an enlarged drive current “Io--I3 to rotate at a higher Speed. 
In the same way, because the measured pulse interval M4 is 
larger than the reference pulse interval K4 in the time period 
from the third to fourth timing pulses Q3 to Q4, a positive 
correction value V4 is added to the drive voltage signal Vo, 
so that the motor drive current has a larger value “Io--AI4” 
than the Standard value Io. 
On the other hand, the measured pulse interval M6 from 

the fifth to sixth timing pulses Q5 to Q6 and the measured 
pulse interval M7 from the sixth to seventh timing pulses Q6 
to O7 are Smaller than the sixth and the seventh reference 
pulse intervals K6 and K7, respectively. Since it means that 
the actual Shutter blade moving Speed is higher than the 
standard speed in the time interval from Q5 to Q7, the pulse 
interval comparator 121 outputs negative speed correction 
Signals R6 and R7. Corresponding to these negative correc 
tion signal R6 and R7, the reference drive current value Io 
is reduced by current correction values AI6 and AI7 in the 
time interval from Q6 to Q8, to decelerate the motor 115. In 
this way, each time the timing pulse On is detected, the pulse 
interval Min from the preceding timing pulse Q(n-1) is 
measured and compared with the corresponding reference 
pulse interval Kn to maintain the Shutter blade moving Speed 
constant, until the shutter blades 103 and 104 reach the 
pin-hole position. 

After the shutter blade 104 reaches the pin-hole position 
in the opening direction, that is, from the tenth timing pulse 
Q10 in FIG. 22, the pulse interval comparator 121 starts 
integrating the measured pulse intervals M11, M12, M13 . . 
... upon each of the following timing pulses Q11, Q12, Q13 
... to obtain an integral pulse interval XMn (XM11, XM12, 
XM13 . . . ) each. Each integral pulse interval XMn is 
compared with a corresponding integral reference pulse 
interval XKn (XK11, XK12, XK13 . . . ) stored in the 
reference pulse interval memory 124, to output a speed 
correction signal Rn based on a difference XMn-XKn. The 
Speed correction signal Rn is converted into a correction 
value Vn, which is added to the reference drive voltage 
Signal Vo to correct the drive current correspondingly, in the 
Same way as described above. In this way, the Shutter blade 
is moved at approximately constant Speed. 

Simultaneously, when the shutter blades 103 and 104 pass 
the pin-hole position, a pulse counter 100 starts counting the 
pulse number of the encode pulses from the photo 
interrupter 110. A comparator 97 compares the count Pc of 
the pulse counter 100 with a pulse number P set by a pulse 
number setting circuit 92 to trigger a timer 98. The timer 98 
outputs a shutter close Signal when clocks up a time period 
TA Set in a timer Setting circuit 93. 

In response to the shutter close Signal, the drive current 
Setting circuit 123 reads a reference current value for Shutter 
closing from the reference current value memory 126, to 
outputs a drive Voltage Signal for shutter closing which has 
an inverted polarity to the drive Voltage Signal Vo. AS a 
result, the motor driver 116 rotates the motor 115 in reverse 
to move the shutter blades 103 and 104 in the closing 
direction back to the initial position, completing an expo 
SUC. 

AS described so far, the current control section 120 
monitors the shutter blade Speed and feeds back the actual 
speed to control the motor 115. Accordingly, the curve of the 
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aperture size change is maintained Stable to allow a high 
precision exposure control. 

Because the encode pulse is generated during the return 
ing movement of the shutter blades 103 and 104, it is 
possible to monitor the Shutter blade Speed in the closing 
direction to maintain it constant in the same way as in the 
opening direction. It is also possible to avoid measuring the 
pulse interval Mn in a time period directly after the start of 
actuation of the shutter blades 103 and 104, while supplying 
the motor 115 with an activation current which is larger than 
the reference drive current Io, so that the shutter blades 103 
and 104 may quickly reach the Standard Speed and may not 
be Stalled by an overload in the first Stage of the actuation. 

Although each edge of the encode pulses is detected as the 
timing pulse Qn in the above embodiment, it is possible to 
use either falling edges or raising edges of the encode pulses 
as timing pulses for monitoring the Shutter blade moving 
Speed. 
The number of slits 108 of the shutter blade 104 may be 

appropriately determined in consideration of the expected 
accuracy or fineness of exposure control. Also the spacing 
between the slits 108 can be changed from one another. For 
example, it is possible to space the slits 108 at shorter 
intervals in a range where the Shutter moving Speed tends to 
be unstable. 
The above-described current control method according to 

the invention is applicable also to a conventional program 
Shutter control device wherein a time duration from a 
pin-hole position is clocked to output a shutter close signal 
when the time duration reaches a value determined in 
accordance with a calculated exposure value, as is shown for 
example in FIG. 26. 

FIG. 23 illustrates flash light intensity characteristics 
relating to time. AS shown by a curve C1, the intensity of 
flash light ordinarily reaches its peak immediately after a 
flash fire time t0 when the flash light starts being projected. 
And then, the light intensity decreases gradually. According 
to a widely known automatic flash light control method, 
when an optimum flash light amount for an exposure value 
is determined to be 95% of the total available flash light 
amount, for instance, the flash firing is terminated at a time 
t1 before a full flash time. Since the time t1 is in the end 
portion of the light intensity decreasing period wherein the 
curve C1 is very gentle as shown in FIG. 23, even if the flash 
termination control has a timing error titC, the change in the 
flash light amount caused by the timing error tita would be 
So Small that the effect on the exposure amount is negligible 
at that time. 

However, in close-up flash photography, it is necessary to 
reduce the flash light amount to a large extent. Therefore, a 
flash termination time t2 for close-up photography must be 
Set in a earlier Stage where the flash light intensity curve C1 
is Steep. Therefore, the timing error titC. could results in an 
improper exposure amount. 
To avoid the above-described problem, a diffusion plate 

has conventionally been attached to a front of a flash 
window in close-up flash photography, So as Virtually to 
reduce the flash light intensity as shown by a curve C2 in 
FIG. 23. Since the curve C2 is gentler than the curve C1, 
flash light amount can be accurately controlled also for 
close-up photography by only Setting a flash termination 
time. Because of the gentle curve C2, the diffusion plate 
efficiently restrains the effect of the timing error thC. on the 
actual exposure amount. 

There have been known a close-up adopter or equipment 
which includes a close-up lens and the above-described 
diffusion plate as a compact unit. Indeed Such a close-up 
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equipment can be compact for use with a camera whose flash 
window is disposed near the taking lens. However, the 
conventional close-up equipment would not be compact for 
application to those cameras whose flash window is dis 
posed away from the taking lens especially for preventing 
red-eye phenomenon. A separate diffusion plate attachment 
is possible but inconvenient in handling. 

FIG. 24 shows a close-up adaptor 130 according to a 
preferred embodiment of the invention, which is applicable 
to an instant camera 132 having a flash window 134 and a 
taking lens 136 which are distant from each other. The 
instant camera 132 has a main body 132a to which a lens 
board 132b is mounted movable about a hinge 138. The flash 
window 134, a finder objective window 140, a shutter button 
142, and an ejection slot 144 are disposed in the main body 
132a. The taking lens 136, an AE sensor 146 of an automatic 
exposure control System, and a flash light Sensor 148 for 
automatic flash light control are disposed in the lens board 
132b. 
The close-up adaptor 130 has a Substantially rectangular 

thin body. A close-up lens 152 is securely fitted in an 
opening 154 formed through a front middle portion of the 
adaptor 130. Prisms 156 and 158 are disposed on one side 
of the close-up lens 152, each Serves as a condenser element. 
When the close-up adaptor 130 is attached to the front of the 
lens board 132b, the close-up lens 152 and the prisms 156 
and 158 are disposed in front of the taking lens 136 and the 
sensors 146 and 148, respectively. 

According to the present embodiment, the close-up lens 
152 mounted in the close-up adaptor 130 provides, in 
combination with the taking lens 136, an object focal plane 
160 at 0.2 m from the camera 132, as is shown in FIG. 25. 
On the other hand, the prism 156 is arranged to converge 
light around the object focal point Pf to the AE sensor 146 
So as to detect the brightness around a center area of a 
subject disposed in the object focal plane 160. The other 
prism 158 is designed to converge light projected from the 
flash window 134 and reflected from the subject to the flash 
light sensor 148. 

The close-up lens 152 and the prisms 156 and 158 are 
made from transparent, light absorbing materials having an 
identical transmittance, that is, capable of reducing light 
intensity by the Same degree. For example, the close-up lens 
152 is made from polycarbonate, acrylic resin or the like, 
while the prisms 156 and 158 are made from ABS resin, 
polycarbonate, acrylic resin or the like. 

The close-up adaptor 130 has semi-circular lugs 130a and 
130b formed on opposite ends thereof to protrude rearward 
with respect to the camera 132. The lug 130a has a claw 164 
on its inside surface. When the close-up adaptor 130 is 
force-fitted onto the front of the lens board 132b, the claw 
164 is engaged in a notch 166 formed in one side wall of the 
lens bard 132b, to secure the close-up adaptor 130 to the 
camera 132. 

Since the close-up lens 152 absorbs a fragment of light 
from the Subject, the intensity of exposure light entering 
through the close-up lens 152 and the taking lens 136 in flash 
photography shows a gentle curve like as the curve C2 of 
FIG. 23, even though no diffusion plate is attached to the 
front of the flash window 134. Because the prism 158 has the 
Same transmittance as the close-up lens 152, the intensity of 
reflection light detected by the flash light sensor 148 shows 
a corresponding curve to that of the exposure light. 
Accordingly, it is possible to automatically control flash 
light amount or flashing time while checking the amount of 
flash light effective to an actual exposure amount. 

Also the AE sensor 146 receives light whose intensity is 
reduced by the prism 156, a measured subject brightness 
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gets lower than an actual Subject brightness. As a result, the 
AE System of the camera 132 calculates an excessive 
amount of flash light as necessary, compared with a flash 
light amount to be calculated based on the actual Subject 
brightness. In case the necessary flash light amount for the 
actual Subject brightness corresponds to the flash termina 
tion time t2 in relation to the curve C1 of FIG. 23, the 
calculated flash light amount would correspond to a flash 
termination time that belongs to the intensity decreasing 
period of the flash light, like as the flash termination time t1. 

Consequently, the Subject disposed at the close-up dis 
tance of 0.2 m is illuminated with the excessive flash light 
amount. However, because the intensity of light reflected 
from the Subject is reduced by the close-up lens 152, and the 
close-up lens 152 and the prism 158 have the same 
absorbent, the absorption through the close-up lens 152 
offsets or cancels the excess of flash light. In this way, the 
actual exposure amount results in a proper value. In 
addition, Since the flash termination time is shifted into the 
light intensity decreasing period, as described above, a 
timing error titC. would not cause a remarkable change in the 
exposure amount. 

Although the close-up lens 152 is formed separately from 
the prisms 156 and 158, it is possible to form these elements 
152, 156 and 158 as an integral body from the same material, 
to reduce production costs. The close-up adaptor according 
to the invention is applicable to other types of cameras than 
instant cameras, as well as to those cameras whose flash 
device has no automatic flash light control System. 

Although the present invention has been described in 
detail with respect to preferred embodiments, the present 
invention should not be limited to the embodiments. On the 
contrary, various changes and modifications may be used 
without departing from the Scope of the invention as defined 
by the appended claims. 
What is claimed is: 
1. An exposure control method for a camera using a 

central photometric element for detecting a central light 
value from a central area of a Scene to be photographed and 
a peripheral photometric element for detecting a peripheral 
light value from a peripheral area of Said Scene, Said method 
comprising the Steps of: 

A. judging depending on a difference between Said central 
and peripheral light values whether said Scene is back 
lighted or front-lighted; 

B. calculating a central exposure value proper for Said 
central area of Said Scene from Said central and periph 
eral light values using a first equation and a first 
coefficient; 

C. calculating a peripheral exposure value proper for an 
entire area of Said Scene from Said central and periph 
eral light values using a Second equation and a Second 
coefficient; 

D. Selecting values of Said first and Second coefficients 
depending on a result of judging Step A, among from 
values predetermined for front-lighted Scenes and Val 
ues predetermined for back-lighted Scenes, 

E. determining an effective exposure value based on Said 
peripheral exposure value and a bias value added to 
Said peripheral exposure value to bias Said effective 
exposure value toward under-exposure Side; 

F. driving a shutter device in accordance with Said effec 
tive exposure value So that an amount of ambient light 
contributing to film exposure is lacking for a proper 
exposure; and 

G. projecting artificial light from a flash device in Syn 
chronism with the driving of said shutter device to 
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compensate for lack of Said ambient light, wherein 
percentage of Said artificial light to be contributed to 
film exposure is determined depending on a difference 
between Said effective exposure value and Said central 
exposure value when Said Scene is judged to be back 
lighted. 

2. An exposure control method as claimed in claim 1, 
wherein percentage of artificial light to be contributed to 
film exposure is determined depending up a difference 
between Said effective exposure value and Said peripheral 
exposure value when Said Scene is judged to be front-lighted. 

3. An exposure control method as claim in claim 2, 
wherein determining Step E comprises the Steps of: 

comparing an exposure value calculating from Said 
peripheral exposure value and Said bias value with a 
predetermined limit exposure value below which hand 
Shake can occur; and 

Selecting Said limit exposure value as Said effective expo 
Sure value when Said calculated exposure value is leSS 
than Said limit exposure value. 

4. An exposure control method as claimed in claim 3, 
wherein Said bias value is Set to Zero when a main Subject of 
Said Scene is disposed beyond a predetermined Subject 
distance range. 
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5. An exposure control method as claimed in claim 4, 

wherein Said bias value is variable depending on a density 
control Signal which may be manually inputted. 

6. An exposure control method as claimed in claim 2, 
wherein Said shutter is a program Shutter of which both 
aperture size and exposure time are able to be controlled, 
and Said exposure control method further comprises the 
Steps of 

determining a flash Start time to Start firing Said flash 
device in relation to the aperture size of Said program 
shutter, Said flash Start time being changed depending 
on Subject distance; 

determining a light control level based on Said percentage 
of artificial light to be contributed to film exposure and 
Said flash Start time; 

detecting artificial light projected from Said flash device 
and reflected from a Subject to be photographed to 
obtain an integral light amount from Said flash Start 
time; 

comparing Said integral light amount with Said light 
control level; and 

terminating flash firing when Said integral light amount 
reaches Said light control level. 
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